Restoration activities are directed toward a broad spectrum of targets. Identifying a restoration target entails defining an ecosystem state and its desired functioning that can be attained through managerial interventions. First, we discuss how restoration targets must integrate economic, social, and ecological considerations in order to be feasible. Primary challenges to identifying realistic restoration targets include long-term managerial and fiscal commitments as well as the accommodation of inherent rangeland complexities stemming from social and ecological factors. Second, we illustrate how the existing tools of ecological site description, rangeland health assessment, and state-and-transition modeling present opportunities to identify flexible restoration targets. Last, we describe how to refine these targets using adaptive management in order to cope with constraints and to reduce the uncertainty of ecosystem dynamics typical of complex systems. Restoration should be viewed as both a rangeland management activity and a means to inform and guide interventions within a specific site.
INTRODUCTION
Restoration is broadly defined in the scientific literature as an intervention designed to facilitate ecosystem or landscape repair , i.e., ''the process of assisting the recovery of damaged, degraded, or destroyed ecosystems'' (SERI 2004) . Restoration objectives may range from reestablishing the dominance of species that characterize a desired plant community (Young 2000) to improving foundational ecosystem attributes such as soil and site stability, hydrologic function, and biotic integrity (Herrick et al. 2006) . However, because of differing perceptions of what constitutes a realistic or meritorious target, identifying a target restoration state or defining ''proper'' ecosystem functioning at the ecosystem level stimulates vociferous debate among the general public and stakeholders. Although the spectrum of restoration targets typically encompasses a historic ecosystem state believed to be characteristic of the site, it also includes ecosystem states that provide high-priority ecosystem services, such as soil conservation, watershed protection, or forage, regardless of plant origin (Hobbs 2007) .
Rangeland ecosystems require intervention because a large percentage of the world's rangelands are degraded (Asner et al. 2004; Archer and Predick 2008; Han et al. 2008) , thereby diminishing their delivery of ecosystem services (Briske and Heitschmidt 1991; Falkenmark and Rockstrom 2006; Havstad et al. 2007 ). Self-perpetuating degradation processes, such as accelerated erosion or breakdown of water and nutrient cycling, increase the urgency of intervention. Rangeland productivity is typically erratic, so benefits may be small or slow to appear. Low human-population densities associated with rangelands also hinder investment in rangeland restoration (FAO 2001) .
Rangeland management must embrace the evolving science of restoration ecology to repair past and ongoing degradation . To strengthen the restoration component of rangeland management, we first acknowledge the legitimacy of a broad spectrum of prospective restoration targets and outline the challenges to identifying them. Next, we illustrate how recent advances in rangeland ecology and management assist in identifying restoration targets and in monitoring restoration success. Successful integration of ecological resto- ration into rangeland management in the near future will largely determine the fate of rangelands on a global scale.
CHALLENGES TO RANGELAND RESTORATION

Restoration Takes Time and Money
Rangeland degradation occurs over extensive time periods. Consequently expectations that immediate and permanent restoration of ecosystem functioning will ensue from improved policy and management must be tempered with the reality of a long and perhaps continual investment of time and resources (Pickett and Parker 1994) . The complexity of restoring ecological processes often means that research and management must be simultaneously implemented on an ongoing basis (Boyd and Svejcar 2009) . This twin effort is essential to minimize the uncertainty of restoration outcomes, to test underlying assumptions of ecosystem dynamics, and to reduce the gap between theory and practice . Because restoration is a long-term commitment, attempts that are insufficient in duration and magnitude, that do not provide for flexibility over time, or that cannot respond to inherently unpredictable drivers (e.g., climate) will likely fail. The necessity for an ongoing restoration commitment represents a consummate challenge for policy makers because of inevitable changes to planning and budgeting. By their nature, restoration projects rarely conform to predetermined time frames commonly used to allocate funding. The long-term value of restoration activities and the costs entailed in avoiding or delaying action often go unrecognized. Failure to minimize self-perpetuating degradation processes in the short-term entails costs to be borne by future generations that are difficult to quantify. Conventional economic assessments cannot account for the negative impacts avoided by making investments in restoration (Tanaka et al. 2011) . Consequently a traditional cost-benefit analysis typically renders an unfavorable assessment of investment in rangeland restoration. Furthermore, many ecological services maintained through restoration activities do not yield direct economic returns to the landowner (e.g., soil formation, nutrient cycling, aesthetics), but support growing environmental markets (e.g., Palmer and Filoso 2009) . Consequently, many economists regard the monetary value of restored ecosystems as a poor policy guide (Nelson 1995) , even though restoration unarguably proffers an array of high-value goods and services (Hobbs and Harris 2001; Bullock et al. 2011) .
Ultimately, uncertain funding scenarios impede restoration success. Furthermore, insufficient funding thwarts full-scale restoration efforts. Partially funded efforts require consideration of tradeoffs among potential restoration benefits. Consequently, identifying which ecosystem services can be enhanced, assessing the value of that enhancement to beneficiaries, and ascertaining their ability to pay are paramount (Bullock et al. 2011) .
Rangelands are Complex, Heterogeneous Ecosystems
Social Aspects. Society interacts with ecological restoration at three levels: the citizenry, the stakeholders, and the restoration community. Citizens often possess only a vague understanding of the importance of ecological restoration (Burger 2010) . The public is also often unaware of the challenges associated with restoration planning and implementation, and they may not understand the spectrum and magnitude of ecosystem-service tradeoffs that must be considered. Consequently, asking the general public to allocate scarce funds to restoration activities can be problematic.
A diverse set of stakeholders necessitates that restoration planning must consider economic, social, and political values as well as ecological goals (Higgs 1997) . Individuals in society impose normative, value-laden, and experience-driven perceptions on rangeland issues. For example, what one person sees as a benefit (e.g., wild horses, wolves), another sees as a conflicting threat to their preferred value (e.g., livestock production) or simply as an unnecessary expense. Engaging stakeholders with opposing priorities into an integrated decision-making process challenges the most conciliatory restoration practitioners (van Marwijk et al. in press) . Furthermore, conflicting desires among stakeholders threatens the consensus required to sustain restoration activities (Shore 1997; Shindler et al. 2011) . For example, political, social, and economic issues that transcend biophysical considerations have complicated the implementation of restoration goals of the US Endangered Species Act (e.g., how many wolves are enough?).
Restoration practitioners and scientists encompass a broad range of values placed on various aspects of restoration. These values are often presented as scientific arguments (Davis and Slobodkin 2004) , but in reality they represent philosophical values (Callicot et al. 1999 ). For example, the variety of views surrounding the definitions of restoration and restoration targets reflects the diversity within the restoration community. Indeed, such diversity is helpful to avoid the pitfall that only one reference state or system is legitimate (Pickett and Parker 1994) . As an example, seeking to ''carbon copy'' a previous or idealized state has been cited as a myth of restoration ecology because plant community assembly may be unpredictable, leading to any one of multiple endpoints (Hilderbrand et al. 2005) . Many restoration ecologists now recognize the possibility of a spectrum of potential restoration targets (Ehrenfeld 2000; Suding 2011) . Embracing this broad view has value because restoration outcomes depend on which ecological constraints are identified, prioritized, and addressed in the planning and implementation process (Suding et al. 2004; Hobbs and Cramer 2008) .
Ecological Aspects. Integrating restoration ecology into rangeland management is challenging because rangeland ecosystems are expansive, complex, and diverse, making it difficult to prioritize at landscape or regional scales (Hobbs and Norton 1996) . Ongoing change also characterizes ecosystems; thus we cannot expect ecological stasis or rely on a predetermined outcome if autogenic processes are to be sustained (Clewell 2000; Hobbs et al. 2010) . Consequently the practice of ecological restoration compels the embrace of the dynamic nature of ecological systems (Choi et al. 2008; Bridgewater et al. 2011) .
Highly variable abiotic and biotic ecosystem drivers commonly interact with disturbance over time to alter successional trajectories (Pickett and McDonnell 1989) and generate nonequilibrium conditions (Briske et al. 2003; von Wehrden et al. 2012 ). This perspective of community dynamics is replacing the equilibrium paradigm (Hobbs and Morton 1999) because many ecosystems, including rangelands, can be better described as a series of alternative stable states separated by thresholds (Suding et al. 2004; Briske et al. 2010) . In this new paradigm, flux typifies ecosystems rather than stasis, instability characterizes ecosystems rather than permanence, and compounded perturbations lead to ecological surprises (Paine et al. 1998) . Given this complexity, restoration practitioners must carefully assess site conditions prior to identifying restoration targets so that interventions address specific ecological processes needing restoration (e.g., Whisenant 1999; Monaco and Sheley 2012) .
PROSPECTIVE RESTORATION TARGETS
Prior to selecting restoration targets, specific ecological problems and constraints should be identified (Suding et al. 2004 ). However, identifying realistic targets and tracking their success is difficult because the restoration outcomes achieved in one ecosystem may not transfer to another (Hobbs and Morton 1999; Hilderbrand et al. 2005 ). In addition, comprehensive surveys of restoration successes and failures that might suggest general principles are not available (Suding 2011) .
It is imperative to set clear and achievable restoration targets and forecast the best possible restoration outcomes using ecological knowledge and diverse stakeholder perspectives (Higgs 1997; Ehrenfeld 2000) . Similarly, site-specific factors strongly influence the selection of a restoration target because they constrain what is ecologically possible, economically viable, and socially acceptable (Hobbs 2007) . Scientists, managers, and policy makers need to place strong emphasis on exploring and reconciling the spectrum of potential restoration targets. Two commonly encountered disparate targets are the historical benchmark and a novel ecosystem (Fig. 1) . Each target has its own rationale and associated tradeoffs (Fig. 1) . We do not intend these examples to be adversarial, but rather to illustrate contrasting prospective targets.
Historical Benchmark Targets
A historical benchmark, defined as a previous ecosystem state, may serve as a feasible target for smaller-scale projects with exceptional circumstances, e.g., high community volunteerism. Such an approach can be successful for pristine park and wilderness areas with wide buffers and for ecosystems displaying high levels of resilience (Hobbs and Cramer 2008) . Setting a historical benchmark as a restoration target implies intact species pools, unaltered abiotic conditions, and the reinitiation of natural successional processes upon removal of the degrading influence (Fig. 1) . Under such circumstances, restoration can lead to predictable endpoints that resemble past ecosystem structure and composition within the historical range of variation (Suding 2011).
As indicated above, selection of a historical benchmark as a restoration target applies particularly to the ''protected lands'' vision, as laid out by Leopold et al. (1963) for national parks (Jackson and Hobbs 2009 ). Yet historical benchmarks are becoming increasingly difficult to apply, as ecosystems, and rangelands in particular, have become fragmented or otherwise compromised by anthropogenic forces (Jackson et al. 1995; Ellis and Ramankutty 2008) . This difficulty explains why the Society of Ecological Restoration International (SERI 2004) has liberalized its definition of ecological restoration by removing any reference to an indigenous state or historical benchmark. Their expanded interpretation increases flexibility for restoration practitioners and hopefully increases the prospect of positive restoration outcomes.
For an increasing number of degraded, human-dominated rangeland ecosystems, then, key ecosystem factors (e.g., climate change, soil loss, biotic invasions) have increasingly modified the foundational ecological-site characteristics (Sanderson et al. 2002; Suding et al. 2004; Seastedt et al. 2008) , making restoration to a historical benchmark unlikely. Under these circumstances, pursuing a restoration target that resembles a historical benchmark may be ecologically unrealistic, and the end results will likely disappoint.
Under these increasingly common circumstances, we suggest imitating the structure and function of a desirable existing ecological state as a reasonable alternative to the strict historical benchmark. For example, the US Natural Resources Conservation Service (NRCS) has championed the use of state-and-transition models (STMs) to describe site dynamics within specific ecological site classifications.
1 These conceptual models identify sets of Figure 1 . Simplistic decision framework for identifying potential restoration targets among the spectrum ranging from historical benchmarks to novel ecosystems. Adapted with permission from Hobbs (in press).
potential restoration targets within the range of existing ecological variation and describe restoration pathways that may lead to a targeted ecological state (Jordan et al. 1987; Bestelmeyer et al. 2003) . The assessment of existing restoration targets improves our understanding of the processes and feedbacks that contribute to plant-community composition and dynamics. In addition, when multiple states represent potential restoration targets, STMs assist with ''the choice of reference ecosystems, the evaluation of restoration actions, and the identification of priority areas for conservation and restoration'' (Cortina et al. 2006) . With this knowledge, restoration interventions can better implement practices to influence specific ecosystem processes operating within existing reference sites. These sites, then, serve as timeproven survivors and long-term products of evolution and the environment (Ewel 1999) .
Novel Ecosystem Targets
The natural capital of our world, our biotic resource base, is now widely regarded as becoming depleted (Mooney 2010) . This depletion has led to the observation that there are now more lemons (damaged ecosystems) than lemonade (pristine ecosystems), and ''we need to recognize this and determine what to do with the lemons'' (Hobbs et al. 2006) . When a historic benchmark cannot serve as a realistic restoration target because of ecological, economic, and/or social constraints ( Fig.  1) , alternate targets that deliver ecosystem services and ensure ecosystem resilience to perturbation should be sought instead (Seastedt et al. 2008; Suding 2011) . Coming to terms with these realities, the restoration profession is now recognizing that socalled novel ecosystems may be a viable option for restoring value to degraded lands (Light and Higgs 1996; Jackson and Hobbs 2009; Marris 2009 ). Novel ecosystems result from deliberate or inadvertent human action and exhibit new functions or contain new assemblages of species, yet are self-organizing (Hobbs in press). For example, they may arise from prior land degradation, from weed invasion, and/or from the abandonment of a former land use (Hobbs et al. 2006) . Although novel ecosystems do not conform to a historical benchmark (Hobbs et al. 2006) , they may still provide ecosystem functions, goods, and services of value to humanity (Palmer et al. 2004; Kareiva et al. 2007; Jackson and Hobbs 2009 ).
Many rangelands can be categorized as either novel or ''hybrid'' ecosystems, as described by Hobbs et al. (2009) . Hybrid ecosystems retain elements of the natural ecosystem, but species composition or ecosystem properties or functions lie outside its historic range of variability ( Fig. 1; Hobbs et al. 2009 ). Hybrid ecosystems differ from novel ecosystems in that the former may be restored, while truly novel systems have crossed a threshold, rendering restoration unattainable ).
Managing novel and hybrid ecosystems requires reconsideration of conservation and restoration norms (Hobbs et al. 2006 . For example, when rangeland ecosystems have been significantly altered by invasive or introduced species, their management will depend on site-specific goals that range from straightforward-certain to complex-uncertain (Belnap et al. 2012 [this issue]) . Although novel ecosystems have crossed thresholds that prevent return to a historical benchmark, other prospective targets compatible with conservation and restoration goals may be attainable, while at the same time providing vital ecosystem services (Bridgewater et al. 2011) .
OPPORTUNITIES TO IDENTIFY RESTORATION TARGETS AND MONITOR RESTORATION SUCCESS
The uncertain dynamics of complex ecosystems pose significant challenges to understanding potential outcomes, detours, and setbacks from rangeland restoration practices. Nevertheless, recent advancements in ecological theory and the development of practical rangeland management tools make it increasingly possible to define realistic restoration targets. Below we outline how the tools of ecological site assessment, state-and-transition modeling, and adaptive management can help to identify a restoration target and to evaluate restoration success.
Ecological Site Assessment
Reducing uncertainty in restoration requires the identification of constraints to restoring suboptimal processes and/or processes not yielding desired ecological functions (Suding et al. 2004) . The adoption of ecological sites as the fundamental land unit for evaluating rangeland condition (SRM 1995) helps to identify appropriate restoration targets and to subdivide the landscape into components that are more homogeneous for management response (Brown 2010) . Each ecological site description (ESD) contains a rangeland health indicator worksheet that can be used to develop management options for damaged lands (Pyke et al. 2002; Sheley et al. 2010 Sheley et al. , 2011 . Ecological site descriptions include STMs with graphical/ textual descriptions of possible soil:vegetation ''states'' and transitions among them for the particular ecological site. These models delineate the spectrum of potential plant-community dynamics and ecological processes for the ecological site (Briske et al. 2005) . Metaphorically, ESDs and STMs function like maps and compasses, respectively, to chart and explore restoration pathways, thus facilitating a shift from a descriptive understanding of ecology to one with potential predictive value (Hobbs and Morton 1999; Bestelmeyer et al. 2003 Bestelmeyer et al. , 2009 ). These tools may integrate restoration into rangeland management by detailing flexible and multiple endpoints along with their relative costs and tradeoffs. With these advancements, rangeland restoration projects may operate as proving grounds to inform basic research and acquire site-specific knowledge as reassembly and/or interventions are implemented (Jordan et al. 1987) . Accordingly ecological restoration efforts serve as excellent sources of information that can refine STMs, e.g., by describing biotic and abiotic thresholds (Bestelmeyer 2006; Hobbs 2007) . This justifies the increased use of ESDs and STMs to identify appropriate restoration targets. To facilitate development of this analytical approach, both reference and restoration sites must be carefully examined to elucidate their dynamics and structure in time and space (White and Walker 1997) , to suggest management practices for restoration targets, and to assess the efficacy of the restoration plan (Hobbs and Harris 2001; Ruiz-Jaen and Aide 2005) . Updating ESDs and STMs with the outcomes of restoration projects can enhance future restoration success in similar ecological situations.
Monitoring Success With Adaptive Management
We subscribe to the idea that ecological restoration is a process rather than an endpoint (Pickett and McDonnell 1989) . Therefore, defining restoration targets and monitoring success can benefit from the application of adaptive management principles (Morghan et al. 2006) . Adaptive management entails active updating of how a site or system responds to management actions (Williams 2011; Williams et al. 2011) . It also involves systematic monitoring and assessment to detect surprises and integrate new information into the restoration process to improve success and reduce uncertainty (Lee 1999) . Fortunately rangeland assessment and monitoring tools for gathering this critical information have been defined, providing a systematic tool for monitoring rangeland dynamics and restoration success (e.g., Karl and Herrick 2010; Karl et al. 2011) .
Because of diverse stakeholder values and uncertain rangeland dynamics, surprise and conflict are inevitable when adaptive management is practiced in rangeland restoration. When they commit to the adaptive management process, stakeholders must understand that unpredictable problems with the initial plan are to be expected. Therefore, adaptive management must require long-term commitment to a process that will involve compromise. Addressing complex rangeland problems requires exceptional collaboration among stakeholders to achieve consensus on a strategy capable of succeeding within the ecological, economic, and social constraints of the site (Boyd and Svejcar 2009 ). Thus, restoration success depends not only on what is recognized as ecologically feasible, but also whether stakeholders can agree on restoration targets. Adaptive management is a vital component of rangeland restoration because a mechanism needs to be in place to quickly recognize unanticipated threats to success and to adapt accordingly. When ecosystem resilience or provision of ecosystem services is not forthcoming, adaptive management must allow for midcourse refinements.
IMPLICATIONS
Restoration success urgently needs adaptive management, wherein ecosystem functioning is continually monitored to better inform intervention activities and adjusted over time to enhance the probability of long-term success. The lack of a comprehensive understanding of potential restoration targets and what it will take to achieve them has inhibited the routine implementation of adaptive management by restoration practitioners and policy makers. Application of the ecological site concept and a functional STM can address this barrier. Restoration can almost never be accomplished through a single intervention; thus intervention activities essentially serve as mechanistic trials, generating site-specific information to adaptively refine ongoing management and to calibrate expectations of associated costs and benefits. Application of ESDs and STMs has the potential to reduce the uncertainty involved in restoration. This will enhance the discussion between stakeholders and policy makers regarding tradeoffs among management options and will further the formulation of realistic policy. In addition, the union between rangeland management and restoration ecology will be strengthened as practitioners identify feasible restoration target ecosystem states, closely monitor outcomes to determine whether specific targets are reached, and build up a database on process-based responses to restoration treatments.
